Abstract. Chemical composition of a late-type carbon halo star TT CVn is determined using the synthetic spectrum method. The carbon and oxygen abundance ratio is found to be C/0 = 1.07 and the carbon isotopic abundances are close to the solar value. The iron abundance is extremely low: [Fe/H] =-2.90. Light metals are slightly overabundant relative to iron but the heavy ¿-process elements exhibit significant overabundance.
Introduction
Until recently metal-poor halo giants had been studied less extensively than their disk counterparts because of their faintness. The very impressive results obtained in the last 15 years and summarized by Gustafsson (1987) apply to metal-poor giants with temperatures corresponding to G-and K-type stars. Among them there is a group of carbon-rich CH stars which are halo counterparts of metal-rich barium stars (Straizys, 1982; McClure, 1984) . Little is known about chemistry of metal-poor carbon stars with lower temperatures corresponding to the disk N-type stars. The most known stars of this type are V Ari and TT CVn. Straizys (1982) for these stars has listed the following chemical composition ratios estimated from literature: C/O = 1.0-1.05, [Fe/H] = -0.5 -r-1.5 and [s/Fe] = 1.0-2.0. Both stars are typical halo objects of high space velocities. Eggen (1972) estimates their bolometric magnitude to be -3.5.
In the recent paper we have analysed one of these stars, V Ari (Kipper and Kipper, 1990 ; Paper I), using the synthetic spectrum In this paper we present the results for another star of this type, TT CVn. According to Sleivyté and Bartkevicius (1990) the apparent and absolute magnitudes and colour of TT CVn are: V = 9.18, (B -V)o = 1.82, My --2.5 and the estimated spectral types are: Na, R6p, C3:,5CH3, C4,5CH.
Observations
Spectral observations in the 5200-6800 Á region and 14 Á/ mm dispersion were performed with the main stellar spectrograph on the 6-meter telescope of the Special Astrophysical Observatory by E. Chentsov on April 23 and 26, 1991. The spectra were obtained on Kodak 103aF plates and digitized with the PDS microdensitometer of the Tartu Observatory. The spectra were reduced with the interactive reduction system developed by Annuk (1986).
Model atmospheres
To fix the parameters of model atmospheres for TT CVn, the following information was used. From multicolour photometry Mendoza and Johnson (1965) Baumert (1972) who has found the color temperature in the near IR region for TT CVn T c = 3877 K. Bearing in mind all these determinations we decided to use the atmospheric model with T eff = 3700 K for TT CVn.
Determination of the surface gravity of TT CVn from the available spectroscopic information is impossible. It is not clear whether the surface gravity of N-type stars can be found at all from the spectra with any acceptable errors (Gustafsson and J0rgensen, 1985; Gass, 1985) . Instead we use the basic relation log</ = 4logT eff + log(M/MQ) + 0.4M bo i -12.47 assuming Mboi = -3.5 (Eggen, 1972) and M -1 M© and find log <7 = 0.4 ± 0.6. The uncertainty is found assuming the following errors: 300 K in T e ff, a factor of two in mass and 1 magnitude in Mboi-
Up to now no model atmospheres have been published for metalpoor carbon stars. For the analysis of V Ari we took the models from Johnson (1982) which have been computed assuming the solar abundances, except the enhanced carbon. These models could not satisfactorily describe this metal-poor star. Therefore, it was decided to compute new model atmospheres for metal-poor carbon stars. The models were calculated by the widely known model atmosphere program ATLAS5 (Kurucz, 1970) . The actual code used is a version SAM1 (Wright, 1975) modified at the Tartu Observatory (Kipper and Sitska, 1981) . This modification takes into account some new opacity agents which are important for low temperature stars and calculates a new internal Rosseland opacity table for hydrostatic equilibrium. Namely, the opacities due to H2O, CO and OH for the IR spectral region in the "just overlapping" approximation and opacities due to TiO, MgH and CN-red system in the "smeared line" approximation (Kipper, 1973) were added to the program.
In order to modify Johnson's C-star model to the metal poor case we used an opacity-sampling (OS) approximation for line opacities, except for H2O which we still include in the "just overlapping" approximation. 500 and 1000 frequency points were used. The wavelength region 300-8000 nm was evenly divided in frequency. The line-list was compiled by using Bell's line-tape (R. Bell, 1976: private communication) . At every frequency point all lines from the Bell list in ± 1 A interval were included. This amounts to 20500 lines, which is considerably less than the number of lines considered by Johnson (1982) . In order to check the opacities and the procedure, we reiterated Johnson's model 3500/0.0/2.00 with our line-list and frequency set. Comparison of the resulting model with the original one is presented in Fig. 1 . Practically no difference can be noticed between the models calculated with 1000 or 500 frequency points, the former being by 50 K hotter at the very surface of the models. On the other hand, smaller number of the used lines has drastic effects. In the surface layers near the log TR 0 S = -3.6 the reiterated model is by 300 K hotter; the models coincide near logTR 0 s = -1-6 and at logTRos = -0.6 the reiterated model is almost by 100 K cooler. The effect of deficient opacity is more pronounced if the models are presented in T versus p x (mass loading, g/cm 2 ) plane as in Fig. 1 . We also calculated the metal-poor model with abundances close to those found for V Ari (Paper I). The resulting model is also presented in Fig. 1 . Due to reduced number of electron donors the opacity is still lower than for the reiterated metal-rich model. Therefore, the temperature in the layers deeper than log p x = 2.0 is much lower. In the T versus log TR os , plane this effect is almost negligible.
In order to check the amount of effects in the abundance analysis which the changed temperature distribution will give, some synthetic spectra were computed. The higher surface temperature leads to drastic changes in carbon abundance if the synthetic spectrum is fitted with the observations of V Ari. Actually, even the twofold increase of carbon abundance compared with the value found in Paper I does not bring the spectra into coincidence. The same situation applies to the reiterated model. The reduced temperature in the inner layers of the metal-poor model further decreases the temperature gradient in the line-forming region but this effect has much less influence on the emergent spectrum. Leaving aside the carbon abundance, all other results obtained in Paper I do not change significantly if we use the model calculated in this work, instead of solar metallicity model by Johnson (1982) .
These results indicate that proper inclusion of line opacity has crucial importance for the construction of the temperature distribution in the surface layers. Therefore, on our request such models were computed by Uffe J0rgensen who has the most complete data on opacities for carbon stars. J0rgensen computed metal-poor models for carbon stars with T eff = 3500-3700 K and log g = 0.0-0.2. Line blanketing has been included in these models by the OS method. Thé following carbon-containing molecules were included as opacity agents: CO, CN, C 2 , HCN, C 2 H 2 , C 3 . One of these models, 3500/0.2/1.07, is also plotted in Fig. 1 . This model was calculated using the abundances found for V Ari. As can be seen from this plot, general behaviour of the temperature distribution is close to our model, except much lower temperature in surface layers as it was expected. In the following, for the analysis of TT CVn we use the J0rgensen's model 3700/0.2/1.07 calculated with the abundances found for V Ari.
Ay Spectrum'synthesis
The synthetic spectrum code for a standard LTE analysis was developed from Kurucz's program WIDTH5. The line list was compiled by R. Bell (1976, private communication), which we slightly modified altering some oscillator strengths according to the values found by Thevenin (1990) from the solar spectrum.
In the spectral synthesis the microturbulent velocity is an important parameter. For so heavily blended spectra the usual method of determination of this parameter by forcing the abundances from weak and strong lines to coincide is not applicable. Therefore, we started with the value £ t = 5 km/s, which is some mean for late carbon stars (Paper I). Then we tried to reach the overall fit with the observed spectrum altering the microturbulent velocity. In this way we found £ t = 4.0 km/s. The portions of synthesized and observed spectra near the bandheads of C2 Swan (0,1) and (1,2) bands are plotted in Figures 2 and 3 from which the quality of the fit could be estimated.
Results
The used observations do not allow to find carbon and oxygen abundances separately and, therefore, the oxygen abundance was fixed at the solar level logA(O) = -3.20. In that case the ratio of carbon and oxygen abundances can be found with quite high precision: C/O = 1.07 ± 0.05. The same result was obtained for V Ari. Using the lines of CN bands nitrogen abundance is found to be quite high,log A(N) = -3.20 ±0.20. From the carbon isotopic Swan bands (2,3) near A5540, (3,4) A5470, (0,1) A5635 and (1,2) A5585 we estimated the carbon isotopic abundance ratio 12 C/ C = 50 90. This large interval of possible values is due to heavy blending but most probably the higher value should be accepted. Due to the same reason the metal abundances derived indicate only the upper limits. The extreme weakness of even the most intense C2 isotopic (1,0) bands near A4737 is obvious in the spectra of TT CVn published by Keenan and McNeil (1976) . The iron abundance turned out to be very low: log A(Fe) = -7.30 ± 0.30. The abundances of other elements follow the same trend as in the case of V Ari: there is some overabundance relative to iron of light metals which is decreasing with the increasing Z. The heavy elements formed in the ¿-process are markedly overabundant but, as already mentioned, the found values indicate the upper limits only. The abundances relative to iron found for TT CVn are plotted in Fig. 4 versus the atomic number Z.
From comparison of the synthetic and observed spectra we estimated also the radial velocity of TT CVn, which turned out to be V T = -134.3 km/s, and this coincides quite closely with the value V T = -135 km/s found by Yamashita (1967) . From the large difference of our radial velocity for V Ari we have suggested the binarity of that star. Alksne et al. (1988) searched for companions of carbon stars using the speckle-interferometric technique. The result for V Ari was negative. The question of the possible binary nature of stars with such peculiar abundances should be answered since the peculiarity could be connected with mass transfer, as it is believed to be in the case of barium stars. 
